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(57) imm 

nsmsti. Br>TW#2m#miR±i*#stitc, mim 

8,9 tilt. 82i»SI©S3i«i, IS 3 m*m<Dm IB 




1 

mumm&m<D$m& ^mummfcmmicfafr o xm s 

fatcmf&ztL, R^rzwmu^m&mfotmmzn 
mimmmomimmt. 

n, R-omumimmtmmztitc mimmzKDmz 

m&¥mftm<Dmmicmf&2titc. m2mnm<Dm3m 

mum3mm\H(Dmu^mwm(DmM^B^fitc. m 

mum 2 mm t mum 4 mm ± <r>m<o mum 3 mm<Dm 

z Mm r z> c t ^uti-r^^iMg, 
[nmm2 ] m 1 wmmcomm&mma. 
mEmmwmfa±t,ctt&2 titcm 2 wnmco^m&m 

ftmicjLiMmtimtb&gti. mu^m&momm&hm 

mu^m&mftcomumcDmmit mumicfe o xmz Jj 
fticBf&z n, R^Tm^mumm^mtmm^n 
mimmmoimimmt. 

n, R^>mumimmtmm$titc. mimmmoimz 

mum 3 mm^<omu^mwm<Dmm icBfc $n/c, m 
imnmcomimmt. 

mum 2 mm t mum 4 mmt (Dmomum 3 mm<D^ 

zmffi-t set zmm i -r ^>^^^ 0 
cii^3] mum immtmumzmmtt. -en-en 
Mizmsmmt&LxBf&znx^&ctzftmt'fz 

[»«S4 ] mum 1 »«ttmffi»3««i«raoTff2 
^c^nrt^r, mum2mm^mum3mm^moxB 

in^ms] mumimm^mumzmmit. -en-en 
mnzm 3 mm l x b&z tix t > * c t t -r 

^if^ra 1 $/c«2 tciatgcD^<*^g 0 
[if *ae ] Huiay- h^{Jmiia^cr)_hg{5(;e:^6Eur 
^?nri^c<b^^®<h-r^ft*si $/c«2^ie 
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g B^^^cff^^ nrt> ^.ci ~r -sti^ii 1 
mum 1 ««i(DtiriESt<DfliJffiififi|tc*5 W 

im^m9 ) mum2mm<Dmmcwitt#!mig& 
10 m&m 1 0 ] mum 2 mmo^Mwmmz. mum 1 
[it^ 1 1 ] mum 1 , *2««<3[>»i^©«Jsstctew 

go 

20 [if Jim 1 3 ] » 1 3»^iSE<D*3W**fiJb{Ci^f*»«: 

«riEm 1 ^a^fbmumcomm^m l 12 ^ 

mum 1 ^^fitt^r^cicccfco. H«ie*««Hrt 
<d tu iejft owm le^cDfiu® cc ai $ ^[^1 cc ?& x r-> 
Tswmummwmmtmms tittm 1 mmmvm 1 « 

30 mum2^ffim*wfo-?z>tiLi l t&*) . mee^^jaA 

1 «iatc» or gjis *rfijtc»2 »*sao* 2 mm&BfSL 

mumcofau&jtmmicj: vm&iMsjimt > 

s s m 2 mmmom 4 mm* Bm~ smi, 
40 mum4mmfo(Dmu¥m{£m<Dmmc. mimnm<D 

[it ^ 1 4 ] mum 1 , 112 mum 1 ^fm 

to^ratf c i 1 4»*]B 1 3ccfat&<£>¥ 

5] Miami, »2^«»^aA-rsxs 

so Cc3Btt(D*«W*KiBco»JB*ffi. 



3 

*>&A-r£xn<t> 

mrie^ 3 *ieiM- z> urn t . 

1 7 ] STifl* 2 0. 2-3. 

1 8 ] 8J5B»3fflJ«€:0JS-rSX|itt, 
«rSB¥i*f*WC!>aOTK:SI 3 TW«J £ -T >ffi AT *XfI 

BU SB Jfl 3 ^F«!ft £ ffittT * Xg <!: . 

[w*3Bi 9] striae* hii-c^-^r, 
sxs*3 6tcft«-r&ci*i*«i-r<5S9*39i 6cc 

gBtt<D*»fKRg©«jfc&ffi. 
[0 0 0 1 ] 

l^tii^'y-MO S F E T©$i#SlR^0Sg 
[0 0 0 2 ] 

-i v ^Isl/M^ft 0"C, Deep TrenchMOSFET (J^T. D 

TMosisr) ^s*$nti^. 

[0 00 3)022(1 IffMUMf-TiDTMO 
SCD»r®IEI^e!lB§^^mUn^ 0 CCDD TMO Sti v 

«»«Bi^4Nat^-ai i 9 1 p^f^-n 1 2 
oi^r^i 1 5©tHSM*c-en-enai$*isi (tswifij) 

«£) flffitSfS. i2 2CC7jVr«fc5K:* S?£gON + 

+ so*»«:stR 1 1 1 ice {&mm 

(on - m<Dmm»m\ 1 2^6ns. *«#hi 1 

2rttc» k gRUiftl 1 b&m&StiZ. 1 2 

l*3CDiJtl 1 SOOffMOcN^fc:^- (pillar) HI 19^ 

;ii i 2<Dmm£-cmTz> 0 Nit^-n i9*cs»g 

mtm 1 2 1 €:/M/r*^«««R<!: LX<Dm#> 

i 2 2*wgia;<*fts. 

[0 004] 1 1 2CO^®CC«, S?SK<DP + 

S^D-<-XJll 2 6^M?*l, CQ-<-;*Ji 1 2 6<E> 
3lffiCCi^?gg(DN + 1 2 7 
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^<*n i i 2_Bty- hj^i^ury- h 

Ii2 9tIt>n4o J1IB»»B1 2 9i*cy-X*ffi 
1 3 0 ^B^3c? ft, StS 1 1 1 CDHflS±CC K U >T >mffi 
1 3 1 WfrsESn*. 

[0 0 0 5 ] *-^-2**>*^3>«i6±-r&C£K: 
[000 6] 

10 <Dteft<Oj&mici6i,>X . 02 2£#jrabT&^/eJ:5fc 
DTMOS<D«iSXHCCOtirWSeo/c. ^<D*S*. * 

[0 0 0 7 ] £-r, H2 2«r#ML"C, ±fB«£f&<DDT 

1 1 1 JztC. ^zgWil 1 2*iit:^+^tJ^K:J: 

•3. i 2rttcaic»aii i s&Jtmztiz. c 

20 (DM 1 1 5 OfffJIgCC N Stf^W&K P a^«WftA 5 
Nlt7-ll 19, Pft7-112 0*iM?n 

Tti i 5ncciMMli 2 l^/rurti^iA 

1 2 2*iJgjat3ti-5. 
[0 00 8] ^CCC X *^t*® 1 1 2<D3lffifc:'<-Xia 1 

2 eaPafRftcc^jasti. co^-xi 1 2 ecommic 

1 1 2_h{C4r- h««i^Lty- h^il 2 8**X2 

fiX^n, c©y- h^s 1 2 s^MnHiiffi 1 2 9-ca 

J&titStl. Stgl 1 10lffi±tCKU'{>SSl3 1^ 

[0 0 0 9] L#>tstt4<6. C<D<£5fcX*lCCj;Dff2ia 
?n^DTMOStJ, 13 2 2CC^TJ:5tt»ftW£c1»jfi 

[00101H2 3CC7jvr«fc5K: t 1 1 3£rffl 

l>T»;&ttx**>y{c£D*»<*IBl 1 2rt0c8Bl»i* 
1 1 5*«3n^i, ^f*H 1 1 2livx^ll 1 

scopgnifict 5 3ir< x >>^>^$tir, 7x^n i 3 

40 3^811 1 5*>&^Sffifc«i6<!:ft*. C 

3*6 0ymOil 1 b&Bf&Ttil*. Ml 15<DWJ^ 
)W0. 1 3(OSg*ttJUSP»l 

1 3 asW-C»&. C^^i 1 1 3CD5IHiL>gp^l 1 

aA^tf^t, CO^tauSP^l 1 3 a*W^>ftAB$ 

[0 0 1 1 ] Jtot. V^>aALfcW6»*l»liaftL/ 
50 /d&lUJ. (12 4, H2 5(cSTJ:^tc l 811 1 5cDffl] 



NSb7-fl 19^i#ll 

i 2<Dmm&X'mi,rj;i,K cmx. mmx, o. 3/im 

<D^tHb^l 1 3 a £ Y*>&AcDftg2>5 7° Oti^ 

1 2©ai)!P6NSt7-l 1 1 9<D%%m£^<D&mx 

*B^«, K«tCKlBlX«3. 4am£ft£. 
[0 0 1 2 ] COcfc^CC. NIb'7-1 1 1 g**3£3*# 
■ 1 ^©RHtCilftCittiTB, IfPNi^W io 
TSMO S F E TCD1^«2 COfcS?), 

[0013] -ec-e, an ©jfrffiii/Ttt, ^x^n i 

13^Till5W^U/di COV^Jgl 1 
3<DP3PiH*«l 1 5(DPIP*IJ:»)*>^ttJ:9^>^ 

i s^pips^^sgfi^-eti-enjEtf^ci^Ro 

l». £/c k C(D£#. ^[2 6CC^\fc 5tt, 
1 3<DHP«#Eas9T^*<fc, ¥®f*/Sl 1 2©^® 
^RlU3nfciSlB«i«l 1 2am&. CCt, j« 1 

1 1 2aK^*>ai&A3*i&£, COW^l 12 
a#^tci«««<fcfcg v ^WttWl 12±ICJ&I8LT2> 30 
MO S F E T^^^*£»®OJB«tCf5»«:R«3f^. 49 
IC* j*l 1 5<D»M*c t NIMPI^»©^t>a 
ARDfcn^O^ttft^HSItltt^f^ C iCC J: 9 ;*- 
[0 0 14]*^ »2(DjaiUr», NMfc*^-Jf 

1 l 9**JBJSStirt>ttt>*ai#Jii l 2<D_L»£g&S 

T£#ffias*a.6ft* - -r&*>*>, v^^ii i 3©^ 

&£^TJ:5Cc, *£l 1 5F*9tc^{bMl 2 l^LTS* 
jA^HI 2 2^Mf^ 0 02 8GC^T<fc^ 

12©±1»<^SJ-C ( ^**H 1 1 2 / MfbBt l 

2 1 R^ffiAii^H 1 2 2 £«iU*WBtc<fc 

ffcl*£TS#/c#*3KMi 1 1 2Z^£>m< xt'H> 
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-hi i Qtammttmi 1 2coaMsr^$n/c«ig 

[0016] **?8«±iB»a«:)B^&fc^C^$n 

sia&tf-e ok js*s ^»«-r & t £ cc * £ „ 

[0017] 

[ooi8] *fmom i ©tftj^«c «fc *>¥m»mwte. 

fttcjgisssti, R^mEEmimmtmmztitc, mim 
is 2 ggigg £ Miem 4 mm t om<omum 3 ^^coa®± 

[0019] *^CD»2Ota^CC^S^a»*KS0[)» 

ffirts* 1 rap*^«rieat©flira«:* 1 , ^2^f 

Z> C t CC J: 13 % «rga^3»»® rt<3[) « iE^cofgiJ® CC buIB^ 
l RWcjS oT?^$ ^r&Jtc^ 2 &*£<z>JH 2 

tffie^ 1 mm±m?z>M 1 masoff 3««t«:^dt-rd 
at. tte*4{iM«ncD«riaa|£«ftcRi<D«scc 1 skis 

[0 0 2 0 ] JBCC, *^CC«Siafe<3r)JK«CCtt«^© 



[002 1] 

«teR s ft j«s©»« tc 01 ^ii^ L/ r 

[0 022] *»W<DS3ISSJI?«W. S F E 

TCC{ffc9, «FtC«SSNPN«jSODeep Trench MOSFETCC 
^f^l)OT*S B C<DDTMOSCi ( *a»*Hrt«:^ 

[0023] [»ioni6jg»] hi *muomi 

0. «SNPN«»<!!)DTMOS«l^Tt. C 

[0 024] Ml tC^TJ: 5tc, W«S©N + + ^CD^ 
»*1«(S/»J3>1«) 1 1±CC, (s?«a<DN-sa© 
2a«HW6fta o C©*i*Il 2«©SS 
OP-SrWli. SC^fll (x-y V : Deep T 

rench) 1 ^11 2*SilbT, WSLl 1 1*9 

tc|pJ*>^Tai3*RiOC5£CX*J:^Oc»W6n*. pi 5 

\xmm»mmi ncmrz* mi 5©rt»ccwu mi 5 

*B2 2&Ccfc9Stl 5**««M£*ft*. il#>i£^B2 2 

^zg<*fl 1 2 i at 1 5 |*i<Dif «M**JB 2 2 i ft 

[ 0 0 2 5 ] ft 1 5©WJffiCC«, « 1 5<DflMffiCC % at 1 
5tC«o-CgB3^|fiIK:»l©NS!t7-lll 9 

ft&„ »i <Du%Lt'?-m 1 9ci, -e<D±w*s^»t*iB 

1 2<D^ffi^6«raur*5 0, /SSB*^«t*S« 1 1 £ 
Jg&SSft&o Pit7-12 0(i > C(D^10Nlb*7 
-H 1 9CDW1 5 tfctt(D{$tffi±mU. R-omi<DNm 
e^-BKfS-^riss^rDitcjBflcSfts. cgd^cco 

T\ X— — t? + >^^a >«ii#ff2fi£3ft£. 
[0 02 6] 3£$ftJB 1 2 ©Sit, B.o3t l 5 <7>TO® 
OififlfK:. »2®NSt-^HB2 5#RW6ft*. ^2 
©NSSlf^-JB2 5 tt, <£<DJbaW*»tt« 1 2 Oil® 
£-CiiU figlHilfl 1 ©Nfflfcf 5-© 1 9<D±8B<h— SB 
COtt«. SlONSatT^-Jll 9i*20N 
SSfcT^-JB2 5<btt^nffKCgtg<*ft£. ±CW1. » 
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[0 0 2 7 ] »2<DN12h^-®2 SOfflSBlr*-? 
fi-?*SW»JBi 2(Da®w:«, jS?fifioP + So^< 

tt, «*tfJ(BB*s»2 0Nfflhr^-»2 5i«r&i4 

P+S[©^-^JB2 6©»oB«:»«K<ON + 3a©V-X. 
JB2 7#flgj£;*ft£. V-XIS2 7<D3S«tt. ^-^1 
10 2 6cr>iSSBi9¥5efffllWISilH-rs. ^3W*H 1 2±tcW. 
V- Hft«K*/^0r^- Mlffi2 8*s»lS?ftS. ^ 
-h««2 8H HIHIMWM2 9-T0[t>ft&. y- mi 
^2 8 SO'^r^ffi^JS 2 9 «4>fc < <h 1 5 ©_LS|5K: 
»fltSft< -fctDWWtt. ^-*JS2 6£V-*JS2 7i 

©HiK:*fj£'r*ffia*T , jgaiL/-ct^. c<D-<-;*fi2 

Blffllft»Ht2 9±CC«v-X«ffi3 0*«BS£3ft, 

[0 0 2 8] §2M0 1 1 tt. JbiB«lSG>¥i»f**B 
20 ©»jSXg©Brffiia«:aB5WK:^urt»-S. JSTRC, C 

[0 0 2 9 ] 0 2K:7jVr«fc5K: k ^ftl^l 1 

ft£ a 2©«®CD±W:-7;**a 1 3 

ft&o CCD^*^® 1 3te, SitltJiiCVD 
(Chemical Vapor Deposition) R<L*»6tt£ 2 ®<0R 
■C»«3ft*. 

[0 0 3 0] ^c, ^3&C*vTJ;0^ VVPvViX 

H&tfx -j #i&ffi&mt<>r:'?x#m l 3^^-^ 

30 >^5ft^citcj:0 . ^Xd7Jll 3CC^»#JB 1 20 
^ffi<D— aJ^KffiSHf-SMnasi 4*iJKfi£3ft&. CCD 
MP8B1 4^Wt^7X^ll 3^X^iltlSe 

Sffil 1 rtic^-T^SI 1 5*sj&£3ft&. 
[003 1] 3T«c*J, ^tl 5%JKflE*r-6/cfiC>C![>x^^>y 

U < , I C P (Inductively Coupled PI 

asma) SSJBXMt^y* hO>R I E (Reactive Ion Etc 

hinq) KB^rffll^i etc*, ^com&te, ±ia^B^ffl 

40 l»TX5r^>^tfT ^CitCctD. mi S^BfSiT^tc 

K>OiaiKMB**««:Slltr*S^6'C*e. 
[003 21 ^«C, S4CC^-TJ: ^CC. MP14^6 
»1 SOflHBBtCftfta-CNHWWaVPffi^lKW^ 
^xaA$ft*Citcj:D. »1 5<OWlffitcNgi^S«a 
6RUfPSTO»JWl 7WB«3ti&. CON 

s^f«i»«« i 6 Rvpm^¥s»mm 1 7 «at 1 5 com 

WOflHHSCC— KKffiASft***. atl 5©diJMcr»t^rT 
oJIEtc-<^>aAL/"C*>cfcl»U, r8 1 5 (DHWJcDWIffi^ 
— KCc-ftf >i£Al/TfcJ:tr». at 1 5<30PUHO»M^-Y 
50 ^>?iAT^Cc«, 9x^S^©^^>iiAg^i 
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[0 0 3 3 ] &4b\ NM*tm&&Pm&¥&m*:i£A-r 

r , N3S^«!» J: 0 & PS^RK*<Dlt»fl«k3W*# < fc 
£ -5 tt«3^*>-irc 2 «R<07Mtt^9»n&. N ^ * 
*JH©DTMOSO»^ Ni»Ht«iM 
i(As), PSWfti irWilft^R (B) 3&sm 

As(D^ft>aA« 4 01* tf, JJtJil«JI#4 0 k e V, 
K-X*#2. 5x l o" cm-'CDSfeftrtfJbti, BO io 

-f*>ttAtt, I«iaiE*S4 0keV, F-X 

S^2. 5xio i3 cr l ^tifbh^ 
[0 0 34] a/c, >ft>aA^Il 5<Dgil< *rfT5 

fc66tCC±, pi 5<DJ63P(D*«1 1<DM®£"C$£T&J: 

p»i£+#j2;<-r£ i #g#**. iisoii? 

*i*I12CD/l$*i5 6/im. iSfi*|6j 

7 linniaift*. 
[0 0 3 5 1 &CC, H5«:7jrrj:5K: t W*-&mmt1£ 20 
ICJ: K> , m 1 5 <D»M«c«jtK5 0 0 AHff<DIR»D«!& 

[0 0 3 6 ] ^6CC^TJ:^tc v 
15 0'C, S£tMfff#fflitw:2 7 0 0 

itR^n*. *<z>*sm. JnoNastr^-iH 1 9, pi 

fcT^-JB2 0*s»fiS$tiSCiCcJ:>5. X 

*3»l©Nlt7-119 t PSt7-12 0£rJ&£-r 
£ Cite J; 9, Sffl^n-b^^StcsCcS. 
[0 0 3 7 ] CCT, NSS^*fi!»tCA s , PM>F#6gffCC 
BfcM^/cW^ 1 1 5 0 - C"C<DA sfl0S£»«awi . 
8 x i o- 2 am I / / hliJg'CabO, B<Dffi»»»«l. 
1 x l O" 1 Mm'/h!i^-e&6 0 o£ K>, BODJEBrt* 

fc. Asttfi2. 5-3. O/zmltRU Bte#j7. 5 
[0 0 3 8]*^ ^7tC^rj;^C, Wilfrid 

[0 0 3 9] *{C, H 8 OCtR-T <£ 5 . 1 2 _b 

RtWfl 1 5 <D»ffi±«l«A« 1 . 2 *z m^IgOfli^CD^ 
<LJ^2 l*«3l5«3n*. *tc, C(C«MfcIB2 1 _hCt«i& 
?A^JM2 2*s»J5S3*l, C(D«S?>jA^©2 2ac^BWfcBI 50 
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[0 04 0] ^C, H9CC^rj:5«C. ^HM12(D 

*ffi^Kar**-ca«)a s *iB2 22aw»ibBi2 i#c 

MP (Chemical Mechanical Polish) X(Jx-^>^"C 

[0041] i o cc^-r <t ^ cc, 1 2 

Rt>'S«>i£#Ji 2 2CD¥ffiffc$n/c*ffi±tC. #Rtf4 

0 0 okvmmvm^mmkm&htez^xzmz 3 

S. ^*#JB 1 2<Z>*ffiCD— a53&J8asn*SIPgP2 4 

otksss n £ 0 c ©rapffi 2 4 1* j* 1 5 o±sa5«iacc 

6c £/c> BHPSB2 4CDHP«tt, W*.«0. 2-3. 
OmnW, -ecDS^i, MDfla^O. 2umJ:0* 

c©wdsp2 4<dhipib«:. ^msmmvm 
mm (p> ^*>&A;*n/cf*, *Htt»**T*>*i 

^>&A«, fi0jtmj±^4 0 k e V, K-X1^2. 0 

^ 4 fifths i i 5 o°c, mmm&7 o&<D3k?mnt> 
n^>o -eo^m. ^i 5 <DMW<Dmm&m 1 2cd±/icc 

^l©N^f 7 -il 9CC^-r^^20N^t*^-H2 

[0 04 3] ^CC, 13 1 tC^T ^OC, ^^ICD^^rffl 
^^fl 1 2CD^ffiCC-<-^J12 6 3&SSiRW*Cjg 
^3c^n, C<D^-X12 6<£>iim&CV-;*Ji2 7^iM!R 
»«:*JSE*n4. i/c l 2±ccy- h«»Bi 

^iry-hil2 8^M$^ ccoy-bii^2 

8^nn«6«WR2 9-C^n€> 0 COJl^«K2 9± 
{C7-X113 0«^$^ 1^1 l(D3Kffi±CcKU 
>r>m@3 l&Bf&ZtlZ. -^-^1126, V-^fl2 
7». »iRtf^-h*fi2 8*7X^<!:USe8^« 

[ o o 4 4 ] h i i mi (fCTfk-r^m ssio- w>* 
^^r^-r. ^i2(j, gi i i ox i i -x i issuers-? 

1 i i -x i i iKtcj&^ytwiBccfcw&aifi^^:^ 

[0 04 5] HI 1 CC^-Tct^CC. m2(DN^f7-Ji 
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l<DNSSfc;^-»l 9£HGiaSSU<tt»l©NS£fcr 

So 

[ 0 0 4 6 ] m 1 2 tc^T J: 5 *c. ^z£f*Jl 1 2 fttf* 1 
5©WJffiOCjfi^<ti£A s©«KNd#jS< fcoTO 

s» -rftJb^. ati 5oMffl(cNastr7-JBi 9jw&is& 

AsOi8SNd*sfi<, COA sCOf/ggNdctO 
tcP3Sfc"7HB2 OjWKlSSttT^S. f Ut, 811 5 
^5xiO n cm- 3 i^^ ^ P<Di«SNdtt> 2 
[0 0471013 CC7jrr«fc 5 CC, *^f*H 1 2 <D*ffi 

©NSIfcr7-JB2 5<D^F*&©tfggNd tt, ^UlO" 
cm-'iftS, ±&0/c3Sl <7>NS*b;r7-Jl 1 

9<£ «9 &fft2<DN£[fc:^-Jf 2 5<Z)^«!BJ«fiN d(£>;£ 
sWftl 0fg*Ii£<fcoTl>S. CCE>7HWillKO«CCO 
*2flDNS2^-Ji2 5C0^**fi^SN d#3& 
lCDN^t^-Jll 9©^«ft«aNd(Dl 0{g£Lh<h 

2 5cD^^tCfc^^^|$©5^gN d«, mi<DNM 
t:^-»l 9<D^«1»i*aCNdJ:Dfefi<<c*. fcte, 
P^t7-§2 0 £ fiS-r S /c B <7>?ftS N d 
&m 1 2CD^I5^fS]tC^C^T(2t3!— ^ittoTOSo 

[oo48]^i (Dnm&i&ttcjztux. m 1 soffliMco 

2<D±J1CC, »10Nif7-ll 9CC»T 
^ll3(D^aiOJCJ;^t, » I 5 <DIWffiO*Wf*ll 

i 2<o±il(c+^-Y^>j$A^*r#fj:c^^*-o-c 

So 
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